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(57) ABSTRACT

A method 1n a signalling device for assisting 1n positioning of
user equipment based on time measurements 1s provided. The
signalling device 1s associated with an s-cell, which 1s recog-
nized by the first network node as having limited functionality
and 1s, therefore, not considerable for the user equipment as a
candidate cell for serving the user equipment (for data trans-
mission. The signalling device associated s-cell 1s part of a
positioning neighbor list ofneighbor cells. The neighbor cells

in the list are configured to have time measurements per-
formed thereon by the user equipment for enabling position-
ing. The signalling device 1s configured to transmit pre-
defined reference signals 1n predefined subirames and
according to a predefined pattern relating to preselected sub-
carriers and preselected time slots within a subframe. The
signalling device obtains synchronization information and
transmits reference signals according to the configuration and
synchronized according to the obtained synchronization
information. This enables the user equipment to recerve and
perform time measurements on the transmitted reference sig-
nals for positioming when the signalling device associated
s-cell 1s 1n the positioning neighbor list.

10 Claims, 5 Drawing Sheets
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SIGNALLING MEASUREMENTS FOR
POSITIONING IN A WIRELESS NETWORK

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a 35 U.S.C. §371 national stage appli-
cation of PCT International Application No. PCT/SE2009/

050625, filed on 29 May 2009, the disclosure and content of
which 1s incorporated by reference herein 1n 1ts entirety. The
above-referenced PCT International Application was pub-

lished 1n the English language as International Publication
No. WO 2010/138039 A1 on 2 Dec. 2010.

TECHNICAL FIELD

The present invention relates to a radio network node and a
method in the radio network node. The invention further
relates to a signalling device and 1n a method in the signalling
device. In particular, 1t relates to assisting 1n positioning of a
user equipment based on time measurements.

BACKGROUND

In a typical cellular system, also referred to as a wireless
communications network, wireless terminals, also known as
mobile stations and/or User Equipment units (UEs) commu-
nicate via a Radio Access Network (RAN) to one or more core
networks. The wireless terminals can be mobile stations or
user equipment units such as mobile telephones also known
as “cellular” telephones, and laptops with wireless capability,
¢.g., mobile termination, and thus can be, for example, por-

table, pocket, hand-held, computer-included, or car-mounted
mobile devices which communicate voice and/or data with
radio access network.

The radio access network covers a geographical area which
1s divided 1nto cell areas, with each cell area being served by
a base station, e.g., a Radio Base Station (RBS), which 1n
some networks 1s also called “NodeB” or “B node™ and which
in this document also 1s referred to as a base station. A cell 1s
a geographical area where radio coverage 1s provided by the
radio base station equipment at a base station site. Each cell 1s
identified by an 1dentity within the local radio area, which 1s
broadcast 1n the cell. The base stations communicate over the
air interface operating on radio frequencies with the user
equipment units within range of the base stations.

The Universal Mobile Telecommunications System
(UMTS) 1s a third generation mobile communication system,
which evolved from the Global System for Mobile Commu-
nications (GSM), and 1s intended to provide improved mobile
communication services based on Wideband Code Division
Multiple Access (WCDMA) access technology. UMTS Ter-
restrial Radio Access Network (UTRAN) 1s essentially a
radio access network using wideband code division multiple
access for user equipment units (UEs). The Third Generation
Partnership Project (3GPP) has undertaken to evolve further
the UTRAN and GSM based radio access network technolo-
gies. In 3GPP this work regarding the 3G Long Term Evolu-
tion (LTE) system 1s ongoing.

A large variety of services have been developed for wire-
less communications networks to enrich user experience by
exploiting the possibility of identifying user equipment coor-
dinates in the network. The services can be private or public,
commercial or non-commercial. Some examples of commer-
cial services are navigation assistance, social networking,
location-aware advertising, etc. Basic emergency services are
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2

typically provided publicly and a certain minimum coverage
within the operator’s network 1s often required by regulatory
bodies.

User positioning, which means positioning of a user equip-
ment used by a user, 1s the process of determining user equip-
ment coordinates 1n space. User positionming in wireless net-
works 1s particularly interesting due to users’ mobility, but 1s
also challenging with wide-spread network coverage, various
environments and the dynamic nature of radio signals. Once
the coordinates are available, the position can then be mapped
to a certain place, or location. The mapping function and
delivering the location information on request are a part of the
location service which 1s required for the basic emergency
services. Services that further exploit the location knowledge
or are based on 1t to offer customers some additional value are
referred to as location-aware and location-based services,
respectively.

Different user and network services require different posi-
tioning accuracy levels, which 1n turn depend, among the
others, on the positioning method used. Below are some of the
commonly known positioning methods used in wireless com-
munications:

Cell Identification (CI) wherein serving cell coverage 1s
associated with a certain area, which can be used
together with timing advance, making positioning more
precise by measuring the round trip time;

Triangulation based on estimating Angles Of Arrival
(AOA) measured from the phase difference of signals
received from the same user equipment by different
antenna elements;

Trilateration based on estimating Time Of Arrival (TOA),
wherein the distance 1s calculated by estimating TOA of
received signals from three or more sites;

Multilateration based on estimating Time Difference Of
Arrval (TDOA) of signals from three or more sites;

Assisted GPS (A-GPS) which combines the mobile tech-
nology and GPS and enhancing user equipment receiver
sensitivity by providing orbit and other data to the user
equipment.

The accuracy of each of the methods depends also on the
environment (e.g. rural, suburban, or urban; outdoor or
indoor) and the measurements quality. A-GPS typically pro-
vides the best accuracy among the atorementioned methods,
but requires GPS-equipped mobile terminals. TOA requires
accurate time synchronization and 1n practice 1s less accurate
than TDOA, although both methods require measurements
from at least three sites.

Enhanced Observed Time Difference (E-OTD) and
Observed TDOA (OTDOA), which are the two variants of
TDOA, have been used in GSM and UMTS networks, respec-
tively. Advanced Forward Link Trilateration (AFLT) has been
adopted 1n CDMA networks.

Positioning procedure use any of the three approaches
below:

Network-based, 1.¢. performed by the network (e.g., AOA),

Mobile-assisted, when a Serving Mobile Location Centre
(SMLC) calculates the user equipment position based on
the measurements reported by the user equipment (e.g.,
A-GPS, E-OTD, OTDOA), or

Mobile-based, 1.¢., performed by user equipment (e.g., CI,
AFLT).

A positioning method used 1n a cellular GSM network 1s
depicted 1n U.S. Pat. No. 7,194,275 wherein additional con-
trol signals comprising virtual base station 1dentification data
are distributed 1n the radio system from well defined locations
by e.g. transmitters. The control signals comprise base station
identification data. The base station identification data is
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associated with a transmission location of the control signal
comprising the base station 1dentification data. Since there 1s

a connection between each virtual base station identification
data and the location from where 1t 1s transmitted, a mobile
terminal can use the information for improving its position
estimation according to conventional procedures. No modi-
fications of the mobile terminals are therefore necessary. The
mobile terminal 1s not able to connect to the communications
system using the virtual base station identification data, since
this data only 1s intended for position estimating purposes. In
such a way, the devices for providing the additional informa-
tion necessary for the improved position estimation can be
made. However, 1n this method, a user equipment will spend
unnecessary time and resources trying to establish whether
the virtual cell 1s a good candidate for cell selection or rese-
lection 1n 1dle mode, or handover 1n active mode. There 1s a
also need to control or carefully plan the transmit power of the
virtual base stations.

The positioning methods that will be used 1n LTE have not
been specified yet.

SUMMARY

It1s therefore an object of the invention to provide a mecha-
nism enabling positioning of a user equipment in an LTE
wireless communications network or 1ts evolution.

According to a first aspect of the invention, the object 1s
achieved by a method 1n a first network node for assisting 1n
positioning of a user equipment based on time measurements.
The first network node 1s serving the user equipment and 1s
comprised in a wireless Long Term Evolution (LTE) commu-
nications network. The first network node obtains a position-
ing neighbour list of neighbour cells associated to a serving
area of the first network node. The positioning neighbour list
comprises a special-purpose cell (s-cell). The s-cell 1s asso-
ciated to a signalling device. The s-cell 1s recognized by the
first network node as an s-cell with limited functionality and
1s therefore not considerable for the user equipment as a
candidate cell for serving the user equipment for data trans-
mission. The positioning neighbour list or the imformation
necessary for the user equipment to find out the list of neigh-
bour cells to be measured, 1s transmitted to the user equip-
ment. The positioning neighbour list enables the user equip-
ment to find the s-cell and perform time measurement on
reference signals transmitted by the associated signalling
device. The first network node then obtains from the user
equipment, a measurement report or a positioning estimate of
the user equipment. The measurement report and the posi-
tioming estimate 1s based on the time measurement performed
by the user equipment on the reference signals transmitted by
the signalling device.

According to a second aspect of the invention, the object1s
achieved by a method 1n a signalling device for assisting 1n
positioning of a user equipment based on time measurements.
The signalling device 1s associated to an s-cell. The s-cell 1s
not considerable for the user equipment as a candidate cell for
serving the user equipment for data transmission. The signal-
ling device associated s-cell 1s comprised 1 a positioning
neighbour list of neighbour cells. The positioning neighbour
list 1s obtained 1n the first network node comprised 1n a wire-
less LTE communications network. The neighbour cells in the
list are adapted to be performed time measurement on by the
user equipment for enabling positioning. The signalling
device 1s configured to transmit predefined reference signals
in predefined subirames and according to a predefined pattern
relating to preselected subcarriers and preselected time slots

within a subirame. The signalling device obtains synchroni-
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sation information. The signalling device transmits reference
signals according to the configuration and being synchro-
nized according to the obtained synchronisation information.
This enables the user equipment to receive and perform time
measurements on the transmitted reference signals for posi-
tioning when the signalling device associated s-cell 1s com-
prised in the positioning neighbour list.

According to a third aspect of the invention, the object 1s
achieved by a first network node for assisting 1n positioning of
a user equipment based on time measurements. The {first
network node 1s comprised 1n a wireless LTE network. The
first network node comprises an obtaining unit configured to
obtain a positioning neighbour list of neighbour cells associ-
ated to a serving area of the first network node. The position-
ing neighbour list comprises an s-cell which s-cell 1s associ-
ated to a signalling device. The s-cell isrecognized by the first
network node as an s-cell with limited functionality and 1s
therefore not considerable for the user equipment as a candi-
date cell for serving the user equipment for data transmaission.
The first network node further comprises a transmitting unit
configured to transmit the positioning neighbour list or the
information necessary for the user equipment to find out the
list of neighbour cells to be measured, to the user equipment.
The positioning neighbour list enables the user equipment to
find the s-cell and perform time measurement on reference
signals transmitted by the associated signalling device. The
obtaining unit 1s further configured to obtain from the user
equipment a measurement report or a positioning estimate of
the user equipment, which measurement report or positioning
estimate 1s based on the time measurement by the user equip-
ment performed on the reference signals transmitted by the
signalling device.

According to a fourth aspect of the invention, the object 1s
achieved by a signalling device for assisting 1n positioning of
a user equipment based on time measurements. The signal-
ling device 1s associated to an s-cell. The s-cell 1s recognized
by the first network node as an s-cell with limited function-
ality and 1s therefore not considerable for the user equipment
as a candidate cell for serving the user equipment for data
transmission. The signalling device associated s-cell 1s com-
prised 1n a positioning neighbour list of neighbour cells. The
positioning neighbour list 1s obtained 1n a first network node
comprised 1 a wireless LTE communications network. The
neighbour cells 1n the list are adapted to be performed time
measurement on by the user equipment for enabling position-
ing. The signalling device comprises a configuring unit
adapted to configure the signalling device to transmit pre-
defined reference signals 1n predefined subirames and
according to a predefined pattern relating to preselected sub-
carriers and preselected time slots within a subframe. The
signalling device further comprises an obtaining unit config-
ured to obtain synchronisation mformation. The signalling
device further comprises a transmitting unit configured to
transmit reference signals according to the configuration and
synchronized according to the obtained synchronisation
information. This enables the user equipment to receive and
perform time measurements on the transmitted reference sig-
nals for positioning when the signalling device associated
s-cell 1s comprised 1n the positioning neighbour list.

Since the signalling device associated s-cell 1s comprised
in a positioning neighbour list of neighbour cells that 1s trans-
mitted to the user equipment and since the signalling device
transmits reference signals, the user equipment is enabled to
find the s-cell and perform time measurement on reference
signals transmitted by the associated signalling device and
since the first network node then obtains a measurement
report or a positioning estimate of the user equipment based
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on the time measurements, a mechanism 1s provided that
enables positioning of a user equipment 1n an LTE wireless
communications system. The positioning neighbour list may
turther be a part of the assistance mformation transmitted,
possibly 1n parts, from the serving cell to the user equipment
120 or can be figured out by the user equipment 120 based on
the recerved assistance information.

Deploying signalling devices 1s much simpler and cheaper
than deploying base stations, the signalling device 1s also
much smaller 1n size, and do not generate much interference
ctc. and therefore give more flexibility when 1t comes to
selecting their locations. This means that a signalling device
may be 1nstalled closer to the potential user equipment loca-
tions where the user equipments experience, for example, the
hearability problem, 1.e. the signals to be measured for posi-
tioming are weak and/or not suiliciently many of them are of
a good quality. With an installed signalling device, the situa-
tion 1s thus improved at a low cost and small amount of
elforts.

An advantage with the invention 1s that 1t facilitates posi-
tioming and provides the necessary signaling of a higher qual-
ity 1n environments with unfavorable conditions, improving
the quality (accuracy, delay, etc.) of positioning and services
that use positioning information.

A Turther advantage with the invention 1s that 1t facilitates
implementation of time-frequency reuse scheme only for the
measured signals transmitted by the devices.

A tfurther advantage with the invention 1s that it 1s appli-
cable for L'TE Frequency Division Duplex (FDD) and Time
Division Duplex (TDD), both synchronized and non-syn-
chronized.

A turther advantage with the invention 1s that 1t allows for
a cheap positioning service expansion.

A further advantage with the invention 1s that 1t gives more
flexibility and control to operators over positioning, location
service, location-aware and location-based services.

A yet turther advantage with the invention 1s that it allows
operators to reuse the device infrastructure for services, to use
the signalling device infrastructure deployed by other eco-
nomic agents, or share 1t, for example, over multiple carriers.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention 1s described 1n more detail with reference to
attached drawings 1llustrating exemplary embodiments of the
invention and in which:

FIG. 1 1s a schematic block diagram 1llustrating embodi-
ments of a wireless communication network.

FIG. 2 1s a combined schematic block diagram and flow-
chart depicting embodiments of a method.

FIG. 3 1s a schematic block diagram 1llustrating embodi-
ments ol a wireless communication network.

FI1G. 4 1s a flowchart depicting embodiments of a method in
a first network node.

FIG. 5 1s a schematic block diagram 1llustrating embodi-
ments of a first network node.

FIG. 6 15 a flowchart depicting embodiments of a method in
a signalling device.

FI1G. 7 1s a schematic block diagram illustrating embodi-
ments of a signalling device.

DETAILED DESCRIPTION

As part of the present solution, a problem will firstly be
identified and discussed. As mentioned above, the positioning
methods that will be used 1n LTE, have not been specified yet,
but it 1s reasonable to assume that some of the existing posi-
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tioning techniques used in the previous generation will also

be adapted for LTE and some signal measurements will be

used to define user positions. Two measurements candidates

in the existing standard, both has been used in UMTS, are
synchronization signals (SSs) SINR,

reference signals (RSs) SINR (defined as RSRQ in LTE).

The signals meant for positioning measurements (synchro-
nization, cell-specific reference signals, dedicated position-
ing reference, etc.), further referred to as the reference sig-
nals, are always transmitted on pre-defined resource symbols
which makes them interfering/interfered to/by the same sig-
nals from other cells when the network 1s synchronous. In the
asynchronous operation mode, the synchronization and ret-
erence symbols may overlap in time with other cell symbols
used for the same signals, control channels or data channels.

Currently no TOA- or TDOA-based solution 1s specified
for LTE. So, there 1s no existing solution to compare with. A
straightforward approach would be to mimic the methods
used 1n previous generations of cellular systems. However, as
we outline 1n the following, these methods would be faced
with coverage problems due to too low C/I, unless some
measures are taken.

The following major problems with the existing solutions
are foreseen 11 they are adapted for LTE:

1. Weak signals from nelghbourmg cells: To achieve high
performance for most of the services (e.g., VoIP, video, TCP
download or other data tratfic, etc.), the other-to-own cell
interference ratio measured on data channels needs to be
minimized implying that real network deployments target to
achieve high cell 1solation by means of, for example, antenna
tilting. The latter results also 1n weakening the neighbouring
cells signals measured for positioning. The most sulfering
user equipments are typically those that are deep inside the
cell and thus less exposed to signals from other cells. Recall
that signals from three or more sites are needed for position-
ng.

2. Full-load interference generated by the measured sig-
nals: In a synchronized network, due to the pre-defined
resource pattern for SS, the signals measured 1n a cell always
face high interference from the neighbouring cells. The
received interference corresponds to full load on the corre-
sponding resource elements because of no power control and
typically the always-transmit operation mode, unless a time-
frequency reuse scheme 1s applied for the measured signals.
(The problem does not apply for RSs for which reuse of three
1s used.)

3. Bad cross-correlation properties: In a synchronized net-
work without a time-frequency reuse scheme for the mea-
sured signals, the interference 1s coming from signals of the
same type that have bad orthogonality properties. The prob-
lem can result, for example, from using too short sequences or
can be due to high cross-correlation for some pairs of
sequences.

4. Flexibility, openness, and the ease of expansion: Posi-
tioning fully controlled by the network leaves the least flex-
ibility for user applications, for network operators that might
want to lease some parts of the infrastructure to the third-party
service providers for providing some services, etc., and 1t also
makes the expansion of single service coverage less flexible
and more costly.

Problem (1) has been previously observed 1n the previous
generation cellular networks and 1s particularly crucial 1n
networks with no frequency reuse, e.g., in UMTS, and less
crucial, for example, for GSM. Even with a sufficient number
of detected signals, the low quality of the measured signals
results 1n higher false alarm rates and thus poor positioning
quality. The problem may be addressed by accumulating the
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signal power over multiple frames, although increasing the
delay. Due to Problem (3), however, accumulation of the
power may not give a desirable result.

To improve the measured neighbouring cells signals qual-
ity in UMTS, Idle Period DownlLink (IPDL) has been used.
With IPDL, Node B transmissions are synchronously ceased
for a short period. The solution has a few drawbacks: 1t
improves the measured neighbouring cells signals quality 1n
UMTS but still may not solve Problem (1) in large cells where
user equipments still may have problems with detecting the
needed signals from neighbouring sites even during IPDL.
The solution decreases the throughput due to switching off
data transmissions over the entire band. Due to Problem (3),
however, the IPDL solution may be not very suitable fore
LTE.

To address Problem (1), A-GPS can be used in the network
in combination with a method based on time measurements.
Using the A-GPS method or a like 1s probably inevitable for
services requiring high-accuracy positioning. A-GPS posi-
tioming, however, 1s still not a generic solution because not all
user equipments are equipped with special GPS receivers
which are costly and require extra chip space.

Problem (2) existed also, for example, in UMTS, where a
signal 1s wide-band spread and interfered by any other trans-
mission in neighbouring cells and partly interfered by trans-
missions 1n own cell (due to the non-orthogonality etfect).
The interference, however, 1s also generated by data transmis-
s1ions which do not necessarily correspond to tull load 1n the
measured band.

For GSM, a frequency reuse larger than one 1s used on the
Broadcast Channel (BCCH) frequency so the Problem (2) 1s
not so severe.

When measuring SSs in LTE, Problem (3) occurs due to the
short Zadoil-Chu sequences used by the technology. For
example, to be at par with cdma2000, LTE would need 256
resource elements used for SSS. Also, some SSS pairs have
poor cross-correlation properties.

Suppressing the interference when measuring the signals
addresses Problem (1) and Problem (2), and may also help
with Problem (3) if the interterence reduction 1s large enough.

GSM also suffers from short sequences which give bad
cross-correlation properties and hence the Problem (3).

With respect to Problem (4), there exists user software
solutions allowing a user equipment to detect beacons trans-
mitted by other networks, e.g. IEEE 802.11-conformant
WLANSs, and estimate the terminal position, prowdedthat the
WLAN Access Points (WLAN AP) position 1s known from
the database locally maintained by the client. One of the
problems with such a solution 1s that the user equipment
memory may be not enough to maintain such a database.
Another problem 1s that user equipment must be able to
receive signals in the 2.4 GHz band. The solution 1s only
limited to user equipment based positioning, which 1n addi-
tion often causes security concerns.

To summarize, the present solution addresses directly
Problems (1) and (4). With respect to Problems (2) and (3),
the present solution facilitates, for example, implementation
time-frequency reuse schemes allowing for adopting them
only for the measured signals and only 1n the proposed
devices.

The general 1dea of the present solution 1s to provide
complementary low-complexity signalling devices deployed
in an LTE network as limited-functionality cells, so called
s-cells, transmitting reference signals to be time-measured on
by user terminals for positioning. The signalling device 1s
configured, statically, semi-statically, or dynamically to
transmit pre-defined reference signals 1n a predefined pattern
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8

relating to preselected subcarriers and preselected timeslots,
The signalling devices may be coordinated by the LTE net-
work and the signalling devices may implement a transmis-
sion time-frequency pattern that can differ from what the
regular LTE network cells use to facilitate radio resource
reuse for the measured signals.

FIG. 1 depicts a wireless communications network 100.
The wireless communications network 100 1s an LTE com-
munication network using L'TE technology or 1ts further evo-
lutions and 1s from now on called the L'TE network 100. The
LTE network 100 may also comprise networks with multiple
radio technologies, so called multi-standard radio, where the
LTE network or its evolution 1s one of the radio technologies.
Then the present solution of positioning will be performed by
means of the “LTE part™ of that network.

The LTE network 100 comprises a first network node 110
serving a first cell 115. The first network node 110 uses LTE
technology. The first network node 110 may be a base station
such as e¢.g. a NodeB, an eNodeB, or a positioning control
center 1n the core network 140 or any other network unit
capable to communicate itself or via any base station over a
radio carrier with a user equipment being present in the first
cell.

A user equipment 120 1s present within the first cell 1135, 1s
served by the first network node 110, and is therefore capable
of communicating with the first network node 110 over a
radio carrier. The user equipment 120 may be amobile phone,
a Personal Digital Assistant (PDA), or any other LTE network
unit capable to communicate with a base station over a radio
channel. The user equipment is referred to as UE on some of
the figures. The first network node 110 transmits reference
signals 125 that may be time-measured on by the user termi-
nal 120 for positioming. The user equipment 120 knows that
positioning shall be based on time measurement performed
on reference signals.

The LTE system 100 may further comprise one or more
second network nodes 130 serving one or more second cells
135. The second network node 130 uses LTE technology. In
FI1G. 1, one second network node 130 and one second cell 135
1s depicted. The second network node 130 may be a base
station such as a NodeB, an eNodeB or any other network unit
capable to communicate over a radio carrier with a user
equipment present 1n the second cell 135. The second net-
work node 130 transmits reference signals 137 that may be
performed time measurement on by the user terminal 120 for
positioning.

The first network node 110 and the second network node
130 are connected to a core network 140. The core network
140 may maintain positions of the first network node 110 and
second network node 130.

The LTE system 100 further comprises at least one signal-
ling devices 150. The at least one signalling device 150 may
also be referred to as an Assisting Reference Signalling
Device (ARSD). The one or more signalling devices 150
transmits reference signals 155 within one or more s-cells
160. The s-cell 160 definition 1s similar to a normal cell,
except that s-cell serves a special purpose 1.e. positioning, and
thus has a limited functionality. The coverage area of the
s-cell 160 1s the area where the received signal from the
signalling device 150 1s strong enough to be measured on by
the user equipment 120. In FIG. 1, one signalling device 150
and one s-cell 155 1s depicted. From the LTE network point of
view, the signalling device 150 1s indicated as a special-
purpose cell, 1n this document denoted as an s-cell, and 1s
recognized by the first network node 110 as an s-cell with
limited functionality and 1s therefore not considerable for the
user equipment 120 as a candidate cell for serving the user
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equipment 120 for data transmission. Similarly to how the
core network 140 maintains positions of the first network
node 110 and second network node 130, the core network 140
may also maintain the position of the signalling device 150.
For embodiments regarding user equipment-based position-
ing, the core network 140 may not need to know the device
position allowing the signalling device 150 to maintain its
own position which may be sent 1t to the user equipment 120
on request. In these embodiments however another channel
such as e.g. a broadcast channel, may additionally be imple-
mented 1n the signalling device 150.

In some embodiments, the signalling device 150 position
information may be maintained by the core network 140 e.g.
in the first network node 110 such as 1n a base station or 1n a
positioning control center in the core network 140 or 1n e.g.
Serving Mobile Location Centre (SMLC), similarly as the
core network 140 maintains positions of the first network
node 110 and second network node 130. In this case the
position mformation do not need to be sent, but the user
equipment 120 needs to send 1ts time measurements to the
core network 140 via the first network node 110. The SMLC
or the first network node 110 then estimates the position of the
user equipment 120.

In some other embodiments, the signalling device 1350
position information may be maintained by the user equip-
ment 120. In these embodiments, the user equipment 120
does not send the time measurements, but calculates 1ts own
position by itselt. The result will be reported to the core
network 140 via the first network node 110.

In some further embodiments, e.g. when user equipment
based positioning 1s used, 1.e. when the user equipment 120
establishes the positioning of itself the core network 140 may
not need to know the signalling device 150 position. In that
case the signalling device 150 may be allowed to maintain 1ts
own position. In this case the signalling device 150 transmuts
its position information to the user equipment 120 e.g. using
an 1mplementation of another channel such as a broadcast
channel and e.g. on request, 11 the user equipment 120 calcu-
lates own position 1tself. If the network calculates the user
equipment 120 position, the signalling device position infor-
mation should be transmitted to the core network 140 e.g. by
radio or by means of a cable connection.

The reference signals 155 mentioned above, transmitted by
the first network node 110, the second network node 130 and
the signalling device 150, which transmitted reference signals
are to be performed time measurement on by the user terminal
120 for positioning, may be any type of reference signal that
can be performed time measurement on by a user terminal 1n
a LTE network, such as e.g. Positioning-dedicated Reference
Signals (PRS), Synchronization Signals (SSs) or Reference
Signals (RSs). This will be described more 1n detail further
on.

Positioning using a method based on time measurements
such as e.g. OTDOA or TOA requires that the timing of at
least three geographically dispersed base stations or signal-
ling devices are measured. Therefore, 1t 1s necessary to ensure
that the Signal-to-Noise Ratio (SNR) to the third strongest
base station 1s high enough so that it can be detected by the
user equipment 120. Cellular systems which reuse the same
frequency band are designed to create strong i1solation
between cells, meaning that the signal from the own serving,
cell should be strong, while interference from the neighbour-
ing base stations should be minimized. This means that the
requirements for positioning and communication are con-
flicting. Since LTE 1s primarily a communication system,
time measurements for positioning need to be done at very
low Carrier-to-Interference ratio (C/I) to neighbouring base
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stations, which puts high requirements on the receiver of the
user equipment 120 and also typically results in low position-
Ing accuracy.

As mentioned above the timing can be measured e.g. by
using some of the known reference signals that are always
transmitted from an L'TE base station such as e.g. PRSs, SSs
or RSs.

SSs and RSs signals correspond to a set of physical
resources and used to support physical-layer functionality.
Both signal types are transmitted according to a pre-defined
pattern, 1.¢., in selected subcarriers and time slots, and the
pattern 1s typically very sparse.

In LTE, SSs are defined in downlink and are primarily used
in the cell search procedure, 1.e., for 1dentifying cells and
synchronizing to them in downlink after which the broadcast
channel information can be read. Cell search 1s performed
during the 1nitial network access and at handovers. An SS
comprises Primary and Secondary SSs (PSS and SSS, respec-
tively) and encodes one of 504 pre-defined unique physical-
layer cell identities that are grouped into 168 (0 ... 167)
unmique physical-layer cell-identity groups, each containing 3
(0 . .. 2) umique physical-layer cell identities. First, a cell
identity 1s read from PSS, and then the cell identity group 1s
read from SSS. The cell identity can then be used to determine
the reference signal sequence and 1ts allocation 1n the time-
frequency grid.

Synchronization signals are transmitted 1n subirame 0 and
5 1 each radio frame. The PSS is transmitted 1n the last
Orthogonal Frequency Division Multiplex (OFDM) symbol
and the SSS 1n the second last OFDM symbol of a subiframe.
The SSs occupy 62 resource elements 1n the centre of the
allocated bandwidth. An OFDM symbol 1s a multiplex of
orthogonal sub-carriers, created in the frequency-domain 1ni-
tially and then converted to a time-domain waveform using
the Inverse Fast Fourier Transtorm (IFFT).

Cell-specific reference signals are transmitted on specific
resource elements. The signals are transmitted 1n every sub-
frame and over the entire bandwidth. Different cells may use
6 different shifts 1n frequency and 504 different signals exist.
In practice there 1s a reuse-three pattern for reference sym-
bols.

Dedicated positioning reference signals are currently being,
discussed 1 3GPP. PRS are to be transmitted 1n resource
clements according to a certain pattern which may be the
same or different by cells, subbands and/or subirames.

The present solution will no be described with reference to
the combined signalling diagram and flowchart depicted in
FIG. 2. The user equipment 120 knows that positioning 1s
based on time measuring reference signals 155 as mentioned
above. The method comprising the following steps, which
steps may as well be carried out 1n another suitable order than
described below:

Step 201

In some embodiments configuring data 1s transmitted to the
signalling device 150 from the core network 140. The con-
figuring data 1s to be used for configuration of the signalling
device 150 1n the next step.

Step 202

In this step the signalling device 150 1s configured to trans-
mit pre-defined reference signals 155 1n predefined sub-
frames and according to a predefined pattern relating to pre-
selected subcarriers and preselected time slots within a
subirame. The signalling device 150 may e.g. be configured
when being manufactured or later e.g. after recerving config-
uring data from the core network 140. The signalling device
150 may be configured statically or semui statically, e.g. by the
device operator or by the core network 140 as mentioned
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above. The predefined pattern indicates on which resource
clements the signal 1s to be transmitted, 1.e. which subcarriers
and which subirames, and indicates further when to transmiut,

1.e. 1n which time slots.
Step 203

In this step the signalling device 150 obtains synchronisa-
tion information. If the signalling device 150 1s equipped with
GPS or has access to, the synchronization may be obtained
getting 1ts own time and finding out the offset with respect to
the LTE network. Depending on the configuration, the offset
may be known at the signalling device 150, or the LTE net-
work may inform the signalling device 150 about own timing,
with the respect to the absolute time. When there 1s no access
to GPS, the signalling device 150 may use a time aligning,

mechanism to the serving cell 115.

Step 204

In this step the first network node 110 obtains a positioning,
neighbour list of neighbour cells associated to a serving area
of the first network node 110. The positioning neighbour list
may be maintained by the first network node 110 or the core
network 140. The positioning neighbour list 1s a list of neigh-
bouring cells, including regular cells and s-cells. At least two
cells are required on the list, since received signals from three
or more sites are required to be able to perform positioning
establishment, 1.e. the first cell 1135 on which the user equip-
ment 120 1s camping and two further cells, e.g. the second cell
135 and the s-cell 160 as depicted 1n the example of FIG. 1. It
the regular cells in the positioning neighbour list coincide
with those measured by user equipment 120 for handover and
are already known to the user equipment 120, the positioning
neighbour list may contain only s-cells. Atleast one s-cell 160
1s present 1n the positioning neighbour list.

There may also be several types of base stations in the
network, 1.e., macro, micro, pica, home Node B’s, etc. —any
of these may be 1n the positioming neighbour list 1f they are
adapted to transmit the reference signals necessary for posi-
tioming measurements. Since the length of the neighbour list
may be limited, obviously not all of them are included, but
only those that are 1dentified as the best. The serving cell 115
may typically also be 1n that list.

Step 205

Of some reason the user equipment 120, the first network
node 110 or the core network 140 wishes to establish the
position of the user equipment. The reason may e.g. be a
positioning request from the core network 140 associated to a
service of 1dentifying the position of the user equipment 120
such as navigation assistance, social networking, location-
aware advertising, basic emergency etc. In this step the first
network node 110 transmits the positioning neighbour list or
the information necessary for the user equipment to find out
the list of neighbour cells to be measured to the user equip-
ment 120. Transmitting a neighbour list comprises either an
explicit list of neighbours or the information which enables
the user equipment 120 to figure out what and when to mea-
sure. This step may e.g. be performed periodically or trig-
gered by an event as exemplified above.

Step 2006

This 1s an optional step. In this step the first network node
transmits information about a time base. The time base infor-
mation enables the user equipment 120 to perform time mea-
surement on the s-cell 160 when the signalling device 150 and
the first network node 110 have different time bases. Time
base 1s a reference time used by the signalling device 150 for
calculating the times when i1t needs to transmit. The signalling
device needs to know its own time shift with respect to the
time base. The time base may be used when the signalling
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device transmits subframes that are not aligned with the core
network subframes but start with some +/—delta_time, also
called “time shait”™.

While the positioning neighbour list may be sent to the user
equipment 120 multiple times and may involve multiple
devices, the one or more signalling devices” 150 time base
may be transmitted only once when all the at least one sig-
nalling devices 150 use the same time base.

Step 207

If positioning 1s user equipment based, the user equipment
120 requests the signalling device position from the core
network 140 or from the signalling device 150 which will be
used for estimating own position based on the available infor-
mation. In this step information about the position of the
signalling device 150 1s transmitted to the user equipment
120. The information may be maintained by the core network
140 and may then be transmitted to the user equipment 120
via the first network node 110, or the information may be
maintaimned by and transmitted from the signalling device
150. This 1s referred to by two different alternative arrows
with reference number 207 in FIG. 2.

Step 208

The signalling device 150 transmits reference signals 155
according to the configuration and being synchronized
according to the obtained synchronisation information.

Note that the transmission of the reference signals 155 1s
not performed on request. The signalling device 150 trans-
mits as instructed and configured. The user equipment 120
may or may not measure these signals, depending on whether
the signalling device 150 1s 1n the positioning neighbour list
or not.

Step 209

The user equipment 120 has recerved the positioning
neighbour list from the first network node 110. In this
example the positioning neighbour list comprises the first cell
115, the s-cell 160 and the second cell 135. The user equip-
ment 120 listens to reference signals 155 from the cells com-
prised in the positioning neighbour list, 1t therefore receives
and performs time measure on the reference signals 1535
transmitted by the signalling device 150. It also performs time
measurement on the reference signals 155 transmitted by the
other cells 1n the positioning neighbour list. The user equip-
ment 120 measures the cells as mstructed by the core network
and follows a positioning algorithm.

Step 209

If positioning 1s user equipment assisted, the measure-
ments are transmitted to the first network node 110 where the
position of the user equipment 120 1s estimated by a position-
ing method. It may also be forwarded to core network 140,
¢.g. to the SMLC for positioning estimation. Depending on
any 1nitial request, the position may be stored 1n the SMLC
database and optionally transmitted to the user equipment
120.

If positioning 1s user equipment based, the user equipment
120 estimates 1ts own position as instructed by the core net-
work 140 and follows a positioning algorithm. In these
embodiments the user equipment 120 sends the estimated
position to the first network node 110.

The signalling device 150 may be controlled during 1ts
operation by the first network node 110 or the core network
140. For example, 1f no signal measurements have been
received from the signalling device 150 for a certain period of
time, 1t may either decrease the transmit power or go to an idle
state. Also, since the signalling device 150 1s not used for data
transmission, but only transmit pre-defined signals, e.g. every
Sth subirame on certain symbols, a time-frequency pattern for
the measured signals can be optimized for example, by shift-
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ing the time frame and easily be implemented with the sig-
nalling device 150 without much disturbing the data trans-
missions. This 1s a particularly advantage because of bad
cross-correlation properties of synchronization signals and
when the interference on synchronization symbols s highe.g.
in synchronous networks.

A plural of signalling devices 150 may also be deployed as
a part of a second network 300, e.g. an autonomous network
as depicted 1 FIG. 3. The second network 300 comprises
multiple signalling devices 150 whereof three signalling
devices 150 are depicted 1n FIG. 3. In FIG. 3, two second base
network nodes 130 serving a respective second cell 135 are
shown. In this case, the user equipment 120 must be aware of
the signalling devices 150 positions or optionally the signal-
ling devices 120 shall be able to communicate their positions.
An example when signalling devices 120 are deployed as a
part of a second network 300 1s a multi-carrier network where
the signalling devices 120 may be shared by multiple carriers
and operate on a carrier frequency different from that on
which the user equipment 120 i1s being served. In a multi-
carrier network, the user equipment 120 needs to also be
informed by the network about the signalling devices” 120
frequency which may be included, for example, 1n the neigh-
bour list transmitted to the user equipment 120.

The signalling devices 150 may be manually configured or
configured by the second network 300 e.g. by the similar
signalling devices 150 1t may be a part of.

The signalling device 150 1n the present solution may be
made much simpler than in the prior art positioning method
used 1n a cellular GSM network mentioned above under back-
ground. In addition to the radio technology differences, the
amount of signalling transmitted by the signalling device 150
in 1ts stmplest configuration and the reference device differ.
The signalling device 150 needs only transmit a pre-config-
ured sequence used for positioning measurements which does
not contain any information by itself, and the user equipment
120 will thus not be able to connect to the signalling device
150 since the necessary information 1s not available, whilst 1n
the prior art solution some additional efforts e.g., instructions
from the network, power planning, etc. are needed to prevent
a user equipment attempt to connect to the virtual cell. The
signalling device 150 may thus be made simpler and cheaper
than the prior art solution. Furthermore, the signalling device
150 may operate both 1n synchronized and non-synchronized
modes, which may be utilized to improve the interference
coordination, 1.€., the signalling device 150 may transmait with
a certain time shiit with respect to the main network. The
signalling device 150 may also form a network which may be
controlled by the main network. Also, the signalling device
150 may be equipped with GPS recervers to obtain the sig-
nalling devices’ coordinates that then may be communicated
to the core network 140, which would simplify the deploy-
ment or reconfiguration process. There 1s no need to control
and/or carefully plan the transmit power of the signalling
device 150 which was crucial 1n the prior art solution.

The method steps in the first network node 110 for assisting,
in positioning of the user equipment 120 based on time mea-
surements, according to some embodiments will now be
described with reference to a tlowchart depicted in FIG. 4. As
mentioned above the first network node 110 1s comprised in a
wireless LTE network 100. The time measurements may be
represented by OTDOA or TOA or any other method based on
time measurements. The L'TE network 100 may comprise its
turther evolutions. The method comprising the following
steps, which steps may as well be carried out 1n another
suitable order than described below:
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Step 401

The first network node 110 obtains a positioning neighbour
list of neighbour cells associated to a serving area of the first
network node 110. The positioning neighbour list comprises
the s-cell 160. The s-cell 160 15 associated to the signalling
device 150. The s-cell 160 1s recognized by the first network
node 110 as an s-cell with limited functionality and 1s there-
fore not considerable for the user equipment 120 as a candi-
date cell for serving the user equipment 120 for data trans-

mission.
Step 402

The first network node 110 transmits the positioning neigh-
bour list or the information necessary for the user equipment
to 1ind out the list of neighbour cells to be measured to the user
equipment 120. The positioning neighbour list or information
cnables the user equipment 120 to find the s-cell 160 and
perform time measurement on reference signals 155 trans-
mitted by the associated signalling device 150.

In some embodiments, the first network node 110 may also
transmit information about the frequency and timing that
signalling device 150 uses for transmitting the reference sig-
nals 1535 1n this step. This information enables the user equip-
ment 120 to perform time measurement on the reference
signals 155 1n embodiments wherein the signalling device
150 1s part of a multi carrier network 300. This information
about the frequency and timing that signalling device 150
uses for transmitting the reference signals 155, may be com-
prised in the transmitted positioning neighbour list.

Step 403

This 1s an optional step. The first network node 110 may
transmit information about the time base of the signalling
device 150 to the user equipment 120. The time base 1nfor-
mation enables the user equipment 120 to perform time mea-
surement on reference signals 153 transmitted by the signal-
ling device 150 when the signalling device 150 and the first
network node 110 have different time bases.

Step 404

This step 1s optional and may be performed 1n some
embodiments wherein the user equipment 120 calculates 1ts
own position, but 1t 1s not relevant if this 1s done by the core
network 140 or the first network node 110. In this step the first
network node 110 transmits information about the position of
the signalling device 150 to the user equipment 120. The
information together with the time measurement performed
on the reference signals 155 transmitted by the signalling
device 150 and reference signals 1535 transmitted by other
cells comprised in the positioning neighbour list enables the
user equipment 120 to calculate its position.

Step 405

The first network node 110 obtains from the user equip-
ment 120 a measurement report or a positioning estimate of
the user equipment 120. The measurement report or position-
ing estimate 1s based on the time measurement by the user
equipment 120 performed on the reference signals 155 trans-
mitted by the signalling device 150. The positioning estimate
1s further based on at least two further time measurements
performed by the user equipment 120. The obtained a posi-
tioning estimate of the user equipment 120 may be received
from the user equipment 120. The position calculation may
have been done 1n the user equipment 120.

The first network node 110 may obtain the measurement
report 1n cases the position of the user equipment 120 1s
calculated by the core network 140. The first network node
110 may calculate the position 1tself based on the measure-
ment report or forward the measurement report to further to
other network elements.
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The first network node 110 may obtain positioning esti-
mate of the user equipment 120 1f the user equipment 120
calculates its own position based on own measurements. In
this case a positioning measurement report 1s not required to
be transmitted to the first network node 110. However, a
positioning measurement may 1n some cases be utilized for
other purposes, 1 these cases a measurement report 1s
obtained from the user equipment 120 also 1n the case where
the user equipment 120 calculates 1ts own position and may or
may not be forwarded turther to other network elements

The first network node 110 performing the method steps
above for assisting 1n positioning of a user equipment 120
based on time measurements, 1s depicted in FIG. 5. As men-
tioned above, the first network node 110 1s comprised 1n the
wireless LTE network 100. The LTE network 100 may com-
prise 1ts further evolutions. The time measurements may be
represented by OTDOA or TOA measurements.

The first network node 110 comprises an obtaining unit 510
configured to obtain a positioning neighbour list of neighbour
cells associated to a serving area of the first network node 110.
The positioning neighbour list comprises the s-cell 160. The
s-cell 160 1s associated to the signalling device 150. The s-cell
160 1s recognized by the first network node 110 as an s-cell
with limited functionality and 1s therefore not considerable
tor the user equipment 120 as a candidate cell for serving the
user equipment 120 for data transmission.

The obtaining unit 510 1s further configured to obtain from
the user equipment 120 a measurement report or a positioning,
estimate of the user equipment 120. The measurement report
or positioning estimate 1s based on the time measurement
performed by the user equipment 120 on the reference signals
155 transmitted by the signalling device 150.

The first network node 110 further comprises a transmit-
ting unit 520 configured to transmit the positioning neighbour
l1st or the information necessary for the user equipment to find
out the list of neighbour cells to be measured to the user
equipment 120. The positioning neighbour list enables the
user equipment 120 to find the s-cell 160 and perform time
measurement on reference signals 155 transmitted by the
associated signalling device 150

The transmitting unit 520 may further be configured to
transmit information about the time base of the signalling
device 150 to the user equipment 120. The time base infor-
mation enables the user equipment 120 to perform time mea-
surement on reference signals 153 transmitted by the signal-
ling device 150 when the signalling device 150 and the first
network node 110 have different time bases.

The transmitting unit 520 may further be configured to
transmit information about the position of the signalling
device 150 to the user equipment 120. The information
together with the time measurement performed on the refer-
ence signals 1535 transmitted by the signalling device, and
reference signals 155 transmitted by other cells comprised in
the positioning neighbour list enables the user equipment 120
to calculate its position.

The transmitting unit 520 may further be configured to
transmit to the user equipment 120, information about the
frequency and timing that the signalling device 150 uses for
transmitting the reference signals 155. The information
enables the user equipment 120 to perform time measurement
on the reference signals 155 when the signalling device 150 1s
part of a multi carrier network. This information about the
frequency and timing that signalling device 150 uses for
transmitting the reference signals 135, may be comprised in
the positioning neighbour list.

The method steps 1n the signalling device 150 for assisting,
in positioning ol a user equipment 120 based on time mea-
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surements according to some embodiments will now be
described with reference to a tlowchart depicted 1n FIG. 6. As
mentioned above. The signalling device 150 1s associated to
the s-cell 160. The s-cell 160 1s not considerable for the user
equipment 120 as a candidate cell for serving the user equip-
ment 120 for data transmission. The signalling device asso-
ciated s-cell 160 1s comprised 1n a positioming neighbour list
of neighbour cells. The positioning neighbour list 1s obtained
in the first network node 110 comprised in the wireless LTE
network 100. The LTE network 100 may also comprise its
turther evolutions. The neighbour cells 1n the list are adapted
to be performed time measurement on by the user equipment
120 for enabling positioning. The time measurements may be
represented by OTDOA or TOA measurements.

In some embodiments the signalling device 150 1s part of
second network 300, for example an autonomous network or
a mult1 carrier network. This second network 300 may or may
not be connected to and coordinated by the L'TE network 100.
In these embodiments, the signalling device 150 may be
deployed 1n a multi carrier network, and the signalling device
150 may be shared by multiple carriers and operates on a
low-1nterference carrier. The signalling device 150 may be
shared by multiple carriers and operate on a low-interference
carrier which 1s different from that on which the user equip-
ment 120 1s being served by the first network node 110.

In some embodiments, the signalling device 150 may be
connected to the core network 140 and may be controlled by
the core network 140 during operation. The signalling device
150 may e.g. be connected to the core network 140 directly, or
a set of signalling devices 150 may form the second network
300 of signalling devices 150 and be connected to the core
network 140 through this second network 300 of signalling
devices 150.

The method comprises the following steps that may as well
be carried out 1n another suitable order than described below:

Step 601

This 1s an optional step. The signalling device 150 may
receive configuration data from the core network 140 or from
the second network 300.

Step 602

In this step the signalling device 150 1s configured to trans-
mit pre-defined reference signals 155 in predefined sub-
frames and according to a predefined pattern relating to pre-
selected subcarriers and preselected time slots within a
subirame. The configuration data for performing the configu-
ration may be received in the step above.

Step 603

The signalling device 150 obtains synchronisation infor-
mation.

This step may be performed by calculating the synchroni-
sation mnformation or receiving the synchronisation informa-
tion from the LTE network 100. The following approaches
may be used. The signalling device 150 may be able to define
the absolute own time, e.g. by means of GPS, and needs to
know the relation between the GPS time and LTE subirame
number signalled by the first network node 110 or preconfig-
ured 1n the signalling device 150. Alternatively, when the
signalling device 150 1s not equipped with a GPS receiver, a
time aligning mechanism with respect to the serving cell 115
may be used. A third alternative may be to calculate 1t with a
help of a GPS receiver that enables the absolute time calcu-

lation and utilizing the synchronisation information from the
LTE network 100.

Step 604

This 1s an optional step. The signalling device 150 may
transmit, information about the position of the signalling
device 150 to the user equipment 120. The information
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cnables the user equipment 120 to calculate its position
together with time measurements performed on the transmit-
ted reference signals 155. The information may be transmit-
ted by broadcasting.

The time frames of the transmitted reference signals 155
may be shifted by a preconfigured number of time slots. The
preconfigured number of time slots of a length may be shorter
than the length of a subirame, e.g. an OFDM symbol. The
time shifts may, for example, be calculated by the signalling
device 150 1tself e.g., based on the s-cell IDentity (ID), stati-
cally configured or recerved from the network 300 of signal-
ling devices or the core network 140.

Step 605

The signalling device 150 transmits reference signals 155
according to the configuration and being synchronized
according to the obtained synchronisation information. This
enables the user equipment 120 to recerve and time measure
on the transmitted reference signals 155 for positioning when
the signalling device associated s-cell 160 1s comprised 1n the
positioning neighbour list.

The reference signals 155 being transmitted may e.g. be
represented by PRS, CRS, SS, or any other suitable reference
signals.

The signalling device 150 performing the method steps
above for assisting 1n positioning of a user equipment 120
based on time measurements, 1s depicted i FIG. 7, As men-
tioned above, the signalling device 150 1s associated to the
s-cell 160. The s-cell 160 1s not considerable for the user
equipment 120 as a candidate cell for serving the user equip-
ment 120 for data transmission. The signalling device asso-
ciated s-cell 160 1s comprised 1n a positioming neighbour list
of neighbour cells. The positioning neighbour list 1s obtained
in the first network node 110 within an LTE network 100. The
LTE network 100 may also comprise its further evolutions
The neighbour cells 1n the list are adapted to be performed
time measurement on by the user equipment 120 for enabling,
positioning. The time measurements may be represented by
OTDOA or TOA measurements.

In some embodiments the signalling device 150 1s partof a
second network 300, for example an autonomous network or
a multi carrier network. This second network 300 may or may
not be connected to and coordinated by the LTE network 100.
In these embodiments, the signalling device 150 may be
deployed 1n a multi carrier network, and the signalling device
150 may be shared by multiple carriers and operates on a
low-1nterference carrier. The signalling device 150 may be
shared by multiple carriers and operate on a low-interference
carrier which 1s different from that on which the user equip-
ment 120 1s being served by the first network node 110.

In some embodiments, the signalling device 150 may be
connected to the core network 140 and may be controlled by
the core network 140 during operation. The signalling device
150 may e.g. be connected to the core network 140 directly, or
a set of signalling devices 150 may form the second network
300 of signalling devices 150 and be connected to the core
network 140 through this second network 300 of signalling
devices 150.

The signalling device 150 comprises a configuring unit 710
adapted to configure the signalling device 150 to transmuit
predefined reference signals 155 1n predefined subirames and
according to a predefined pattern relating to preselected sub-
carriers and preselected time slots within a subirame.

The signalling device 150 further comprises an obtaining,
unit 720 configured to obtain synchronisation information.

The obtaining unit 720 may further be configured to obtain
the synchronisation information by calculating it or recerving,
the synchronisation information from the LTE network 100.
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In some embodiments, the obtaining unit 720 1s further
configured to receive configuration data from the core net-
work 140.

The signalling device 150 further comprises a transmitting
unit 730 configured to transmit reference signals 1355 accord-
ing to the configuration and being synchronized according to
the obtained synchronmisation imformation. This enables the
user equipment 120 to recerve and time measure on the trans-
mitted reference signals 1355 for positioming when the signal-
ling device associated s-cell 160 1s comprised 1n the position-
ing neighbour list.

The reference signals 155 adapted to be transmitted may be
represented by PRS, CRS, SS, or any other suitable reference
signals.

In some embodiments, the time frames of reference signals
155 to be transmitted are shifted by a preconfigured number
ol time slots.

In some embodiments, the transmitting unit 730 1s further
configured to transmit to the user equipment 120, information
about the position of the signalling device 150. The informa-
tion enables the user equipment 120 to calculate 1ts position
together with time measurements performed on the transmit-
ted reference signals 155. The information may be transmit-
ted by broadcasting.

The present mechanism assisting in positioning of the user
equipment 120 based on time measurements, may be imple-
mented through one or more processors, such as a processor
530 in the first network node 110 depicted in FIG. S, or a
processor 740 1n the signalling device 150 depicted 1n FI1G. 7,
together with computer program code for performing the
functions of the present solution. The program code men-
tioned above may also be provided as a computer program
product, for mnstance 1n the form of a data carner carrying
computer program code for performing the present solution
when being loaded into the first network node 110 or the
signalling device 150. One such carrier may be in the form of
a CD ROM disc. It 1s however feasible with other data carriers
such as a memory stick. The computer program code can
turthermore be provided as pure program code on a server and
downloaded to the first network node 110 or the signalling
device remotely.

When using the word “comprise” or “comprising” it shall
be interpreted as non-limiting, 1.e. meamng “consist at least
of”.

The present invention 1s not limited to the above described
preferred embodiments. Various alternatives, modifications
and equivalents may be used. Therefore, the above embodi-
ments should not be taken as limiting the scope of the inven-
tion, which 1s defined by the appending claims.

The invention claimed 1s:

1. A method 1n a first network node, for assisting 1n posi-
tioning of a user equipment based on time measurements, the
first network node being comprised 1n a wireless Long Term
Evolution communications network “LTE network”, the
method comprising:

obtaining a positioning neighbor list of neighbor cells asso-

ciated with a serving area of the first network node, the
positioning neighbor list comprises a special-purpose
cell “s-cell”, the s-cell 1s associated with a signalling
device, the s-cell being recognized by the first network
node as having limited functionality and 1s therefore not
considerable for the user equipment as a candidate cell
for serving the user equipment for data transmission;
transmitting the positioning neighbor list or information
necessary for the user equipment to find out the list of
neighbor cells to be measured by the user equipment;
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the positioning neighbor list or the information enables the
user equipment to find the s-cell and to perform time
measurement on reference signals transmitted by the
associated signalling device;

obtaining from the user equipment a measurement report

or a positioning estimate ol the user equipment, the
measurement report or positioning estimate 1s based on
the time measurement performed by the user equipment
on the reference signals transmitted by the signalling
device; and

transmitting to the user equipment, information about the

frequency and timing that the signalling device uses for
transmitting the reference signals, the frequency and
timing information enables the user equipment to per-
form time measurement on the reference signals when
the signalling device 1s part of a multi carrier network;
wherein a coverage area of the s-cell overlaps a portion of
the serving area of the first network node and a portion of
a serving area of a second network node corresponding
to one of the neighbor cells 1n the neighbor list, the
serving areas of the first network node and the second
network node being considerable as candidate cells for
serving the user equipment for data transmission.

2. The method according to claim 1, wherein the time
measurements are represented by Observed Time Difference
Of Arrival “OTDOA” or Time Of Arrival “TOA” measure-
ments.

3. The method according to claim 1, further comprising;:

transmitting to the user equipment, information about the

time base of the signalling device, the time base 1nfor-
mation enabling the user equipment to perform time
measurement on the reference signals transmitted by the
signalling device when the signalling device and the first
network node have different time bases.

4. The method according to claim 1, further comprising:

transmitting to the user equipment, information about the

position of the signalling device, the position informa-
tion together with the time measurement performed on
the reference signals transmitted by the signalling
device, and reference signals transmitted by other cells
comprised 1n the positioning neighbor list enables the
user equipment to calculate 1ts position.

5. The method according to claim 4, wherein the informa-
tion about the frequency and timing that the signalling device
uses for transmitting the reference signals, 1s comprised 1in the
transmitted positioming neighbor list.

6. A first network node, for assisting in positioning of a user
equipment based on time measurements, the first network
node being comprised 1n a wireless Long Term Evolution
communications network “LTE network™, the first network
node comprising:

an obtaining unit configured to obtain a positioning neigh-

bor list of neighbor cells associated with a serving area
of the first network node, the positioning neighbor list
comprises a special-purpose cell “s-cell”, the s-cell 1s
associated with a signalling device, the s-cell being rec-
ognized by the first network node as an s-cell with lim-
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ited functionality and 1s therefore not considerable for
the user equipment as a candidate cell for serving the
user equipment for data transmission;

the first network node further comprising a transmitting

unit configured to transmit to the user equipment, the
positioning neighbor list or the information necessary
for the user equipment to find out the list of neighbor
cells to be measured;

the positioning neighbor list enables the user equipment to

find the s-cell and perform time measurement on refer-
ence signals transmitted by the associated signalling
device; and
wherein the obtaining unit further 1s configured to obtain
from the user equipment, a measurement report or a
positioning estimate of the user equipment, the measure-
ment report or positioning estimate 1s based on the time
measurement by the user equipment performed on the
reference signals transmitted by the signalling device;

wherein the transmitting unit further 1s configured to trans-
mit to the user equipment, information about the fre-
quency and timing that the signalling device uses for
transmitting the reference signals, the information
enables the user equipment to perform time measure-
ment on the reference signals when the signalling device
1s part of a multi carrier network;

wherein a coverage area of the s-cell overlaps a portion of

the serving area of the first network node and a portion of
a serving area of a second network node corresponding,
to one of the neighbor cells 1n the neighbor list, the
serving areas of the first network node and the second
network node being considerable as candidate cells for
serving the user equipment for data transmission.

7. The first network node according to claim 6, wherein the
time measurements are represented by Observed Time Dii-
terence Of Arrival “OTDOA” or Time Of Arrival “TOA”
measurements.

8. The first network node according to claim 6, wherein the
transmitting unit further 1s configured to transmit to the user
equipment, information about the time base of the signalling
device, the time base information enables the user equipment
to perform time measurement on reference signals transmit-
ted by the signalling device when the signalling device and
the first network node have different time bases.

9. The first network node according to claim 6, wherein the
transmitting unit further 1s configured to transmit to the user
equipment, imnformation about the position of the signalling
device, the information together with the time measurement
performed on the reference signals transmitted by the signal-
ling device and reference signals transmitted by other cells
comprised in the positioning neighbor list enables the user
equipment to calculate its position.

10. The first network node according to claim 6, wherein
the information about the frequency and timing that the sig-
nalling device uses for transmitting the reference signals, 1s
comprised in the positioning neighbor list.
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